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CSRMSXC ACTUATOR AND XiOaOfi£>SfiJCSR 

FIELD OF THE INVENTION 
The present invention relates to loudspeaker systems for 
S portable electronic devices Bach as mobile phones, personal 

digital assistants (PDAs) and laptop coissjuters. More 
specifically, it relates to a method and syst«n for generating 
low freoTuency or vibratory signals and higher acoustic 
frequency or audible signals. Furthemiore it relates to such 
10 systems driven by actuators based on piezoelectric materials. 

BACKGRODND OF fEHE INVENTION 
In mobile communication and data processing equipment, the 
generation of audible soTind, buzz tones or vibration are 
15 handled by systems mostly driven by electro-magnetic 

actuators • 

Sound is usually generated by, albeit small, voice-coil driven 
loudspeakers, whereas number of reasonably inexpensive and 
20 effective constructions have evolved for providing signal 

units to generate the necessary tones or vibrations for these 
devices. These include mitxiature motors with imbalanced rotors 
to create a sensible vibration; small piezoelectric assexriblies 
to vibrate at an audio frequency and create a tone or beep 
25 (*^bu22^) noise; and other, older technologies such as speakers 

with an electromagnetic voice coil, or a magnetic solenoid 
driving a diaphragm to create a sound such as an audio tone or 
a vibratory buzz« Many of the ciarxrent mobile phones use 
separate corqponents for vibration alert, audio alert axid 
30 speech or music r^rodnction. 

Also, it is desirable for most portable devices to a have a 
""hands-free' mode, i.e., a mode that allows a user to 
communicate through the device without having to use his or 
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her hands. In order to operate portable pationes in a hands-free 
mode, a high power output is required over a frequency range 
of 300 to 3400 Hz, often referred to as the ^eech band. At 
present the hands-free mode of commercially available products 
is exclusively isiplssasntsd tliroush eoassaon slectre-dynaEiia or 
moving coil loudspeakers. 



.rissber of piezoelectric alerting devices have been proposed 
to generate a vibration or non-audible alert or audio 
frequency vibration and, thus, constituting a speaker. 
Examples of such devices are described in the United States 
Patent Nos. 5,514,927; 5,368,456; 6,078,126 and 6.169,206. 

Iti the commonly-owned published international patent 
15 arolication WO-03/001841. which is incorporated herein by 

±-afarence, there are described various devices and methods to 
generate sound comprising a support on which is mounted an 
electro-active actuator, which is in turn coupled to an area- 
extensive section of the case of the device, which section of 
20 the case acts as the souoid generating element of a 

loudspeaker. Xn embodiments illustrated therein the sound 
generating element is driven^ .in operation by an electro-active 
actuator preferably acting upon an edge of the sound 
generating element. The actuator described is a flat ceramic 
25 bender curved into an. almost tubular shape. 

It is the purpose of the present invention to provide a 
improved electro-active drive unit for loudspeaker for use in 
for ebcan^le electronic devices, particularly portable 
30 electronic devices such as mobile phones 

SD£fflffiR7 OF THE INVENTION 
Accordingly, in a first aspect the pressit invention provides 
a loudspeaker for a possibly portable electronic device such 
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as a mobile phone which comprises a support on which is 
mounted one ox more electro-active actuators, which is in tuim 
coupled to an area- extensive section of the case of the 
device^ which section of the case acts as the sound cpeneratinQ 
5 element of the loudspeaker ^ wherein the actuator or actuators 

include a curved section and at least one flat section. 

The curved section is preferably formed having a hollow 
cylindrical shape with one sector extending along the 

10 Longitudinal axis o£ the cylinder being removed. Hence a 

cross-section perp^dicular to the longitudinal axis is a 
section of a circle or in other words C-shaped. At the 
longitudinal extending ends the curved section into one or 
more flatter sections that provide contact or moimting points 

15 to movint the actuator onto the support structure. A 

perpendicular cross-sectioa through flat and c\irved section of 
the actuator thus resembles a flat-lying question mark or the 
Greek letter fi, depending oh whether a flat section terminates 
one or both ends of the curved section « 

20 

It is advantageous to provide flat sections to facilitate the 
mounting of the ceramic actxxator onto sxipport structure or 
sound generating surface or both. 

25 However, an additional advantage is seen in providing an 

curved actuator that has sections at which the curvature of 
the material changes from inward bowing (concave) to flat or 
outward bowing (convex) • 

30 These and other features of the inventions will be apparent 

. from the following detailed description of non- limitative 
eocaiqples xnaking reference to the following drawings, 
throughout which like parts are designated by like reference 
numerals and characters. 
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BRIEF DESCItXFTX023 OF THS DRAWINGS 
In the drawings: 

5 

FIG. lA Is a perspective top view of an actuator in 
accordance with an example o£ the invention; 

PIG* IB sbowa a cross section through the actuator of FIG* 
10 lA; 

FIG. 2 is a perspective top view of a variant of the novel 
actuator; 

15 FIG. 3 is a perspective top vie^ of another variant of the 
: " itovel ^etaiaLter 7" assa - — 

FIGS. 4A,B illustrate a loudspeaker driven by an actuator 

as shown in FIG. 1. 



DETAILED DESCRIPTION 



In FIG* lA, there is shown a perspective view of the novel 
actuator 10* The Hiain elements of the actuator ijticlude a 

25 convex curved section 11. The single convex section 11 changes 

curvature to form an intermittent concave section 12 l>efore 
extending gradtxally and continuously into an essentially flat 
section 13. The actuator 10 is manufactured from nnilti- layered 
ceramic tape 101 with layers of ceramic PZT separated by 

30 layers of electrodes (not shown) . The numbers of such layers 

are determined by the manufacturing process and can range from 
two ceramic (PZT) layers to more than ten. 
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The tape can be produced in accordance with well known 
tnanufacturing techniques. In its green state, it is then cut 
and pressed onto a suitable former to give it the form shown 
in PIG. lA. Then the tape is burned out and sintered at high 
te«:g>eratureB (600 to 1200 degrees Celsius) . Outer electrodes 
may be applied after the sdLntering. After a poling step the 
actuator is ready to be mounted onto a chassis. These 
manufacturing steps are known per se and are regarded to be 
well within the scope of person skilled in the art. 



A schematic cross-section through the actuator 10 of FIG* lA 
along the line AB is shown in FIG- IB. The first curved 
section 11 is convex, whilst the second section 13 is 
essentially flat- Between the two sections, there is a portion 
15 12 where the curvatuxe changes from convex to concave,. The 

convex and concave portions of the actuator are indicated by 
dashed circles reflecting their respective main radii Rl and 
R2 of curvature. The multi- layered tape making up . the actuator 
acts essentially as a bender with different portions moving in 
20 different directions as indicated by arrows in FIG. IB* As the 

first curved section 11 moves essentially radial, the flat 
portion 13 and the intermediate concave portion 12 smove 
upwards. The coicbined motion of the distal end 111 of the 
actuator is indicated by arrow 14* It is an essentially 
25 vertical movement with lesser conqponents of the motion in 

undesired tangential directions cozapared to known actuators 
such as the C-shaped actuator of WO-03/001841 . The rotational 
displacement of the known C-shaped actuator of WO-03/001841 is 
similar to the motion of the first curved section U, however 
30 in the case of the novel actuator 10 it is partly cancelled by 

the concave section 12, resulting in an improved oir '^purer* 
vertical displacement of the distal end 111. 
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The escaa^ple of FIG. 2 shows a variant of the previous ^cample 
nuadified in that the flat section 23 includes two tabs or 
lead-outs 231. In other words, a rectangular section is cut 
out of the flat portion 23, Urns reducing the amount of active 
5 material necessary to iitplement the actuator 20 while at the 

same time preserving the advantageous properties of the novel 
actuator design as described herein. Thus, other elemfflats 21, 
22 of the actuator and its motion and displacements of the 
actuator of the present example is essentially identical to 
10 those illustrated in FIG IB above - 

I 

The two tabs 231 provide a sufficiently large area to mount 
the actuator onto a flat surface and electrical terminals to 
connect the actuator to an electronic drive circuit and power 
15 sxq?ply. , _ ' _ _ _ 

For some applications, it may be useful in and advantageous to 
terminate the distal end of the actuator with the second flat 
portion. This second flat portion, though not contributing 
20 significantly to the displacement, could facilitate the 

mounting of the distal (moving) end of the actuator onto an 
movable object such as a loudspeaker diaphragm. 

In FIG. 3 such an actuator 30 is shown. In addition to the 
25 convex section 31, the flat section 33 and the intermediate 

portion 32 shared with the above examples,, the actuator 40 has 
a flat portion 34 at it distea end. 

In FIG. 4. the actuator of FIG. 1 is shown used as a drive 
30 unit 40 to drive a rectangular diaphragm 44 within the housing 

45 of a mobile device. The diaphragm material is Perspex?- 
(poly methylene methacrylate) . The diaphragm 44 rests within a 
recess of the housing so as to be mounted flush witb the outer 
surface of the housing 45. 
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mse sap between the hoiasing 43 and the diaphragm 44 is sealed 
off by means of a compliant gasket 46 shown in PIG. 4B vdiich 
is a cross-section of the perspective view of FIG. 4A along 
the line AB. it The gasket 46 prevents tbe entry of dust ox- 
humidity. It is made of Poron Cm) , a cellular urethane based 
sealing material . ^e actuator 40 bridges the gap between the 
housing 45 and the diaphragm 44 at one short side of the 
rectangular diaphragm. The flat portion 43 of the actuator is 
mounted onto the housing while the curved portion 41 spans the 
sealed gap. The distal end 411 of the actuator is glued onto 
the diaphragm material 44. 

When an operating voltage is applied to the actuator 40, the 
15 displacement drives the edge of the diaphragm 44 which in turn 

generates audible sound, ' 



10 



The larger contact area between the actviator 40 and the 
housing 45 together with the dLinproved displacement of the 
actuator generate a higher sound level and an inproved 
performance of the device as a loudspeaker compared to known 
devices such as described in WO-03/001841. 
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1. Loiidspeaker fox audible sound conprising a sound emitting 
element mounted onto a support structure and at least one 

5 ceramic l>ender-type actuator being mounted at a proximate 

edge onto said sound emitting element and a distal edge 
onto said support structure, wherein the act\iator 
cons>riaes a first curved section extending radially into 
a second, essentially flat section. 

10 

2. The loudsE>eaker of claim 1 having a ccanpliant sealing 
element or el^ents around the edges of the sound- 
emitting elsnent. 

15 3 . . The loudspeaker of claim 1 vrtierein the second flat 

- section irith' "the Sislial edge is'itoun onto" a "part of- - 

the support structure while the first curved section with 
the proximate edge is mounted onto the sound- emitting 
element such that said curved section bridges a gap 

20 between said sound emitting element and said SJicppOTt. 

structure. 

4. The loudspeaker of claim 1 wherein the support structure 
and the sound generating element are parts of the outer 

25 shell of a portable data handling or communication 

device. 

5. The loudspeaker of claim 1 wherein the second flat 
section extends in a longitudinal direction into a 

30 rectangular shape. 

6. The loudspeaker of claim 1 wherein the second flat 
section terminates as two or more flat portions. 
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7. Ceramic actuator coraprising a first curved section 
extending radially into a sscand^ essentially flat 
section - 

5 8. The ceramic actuator of claim 7 having a single cxorved 

section bowed inwardly with a short outwardly bowed 
portion that extends into the flat section. 

9. The ceramic actuator of claim 7 formed from a continuous 
10 sheet of pieszoelectric material- 
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A loud^eaker for audible soimd, and a drive unit, is 
described liaving a sound- emit ting element mounted onto a 
5 support structure and ceramic actuator made of piezoelectric 

material that includes a curved portion that extends radially 
into an essentially flat section. 
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FIG- lA 
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FIG. IB 
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FIG. 2 
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FIG- 4B 
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